As the result of past metabolic studies, especially those of Henderson and Palmer (12) it is known that the non-volatile acids produced in excess of fixed base by human metabolism are excreted in the urine in two forms, viz., as free acids, and as ammonium salts.
that, as shown by Henderson and Palmer, and by our data, wide fluctuations occur in the NH3/acid ratio even in the same normal individual. To take an extreme case, when a vegetarian diet produces an alkaline urine the NH3/acid ratio may approach infinity, because the acid factor in the denominator approaches zero, while the ammonia in the numerator, although greatly reduced, is still measurable.
Nevertheless the amnmonia in a series of urines from an individual with a normal excretory mechanism ordinarily averages from 1 to 2.5 times the free acid; and this ratio is maintained over great ranges of total NH3 + acid output, e.g., from a low normal 300 cc. of 0.1 N NH3 + acid per 24 hours to the 4,000 or 5,000 cc. that may be excreted in diabetic acidosis. There is apparently some tendency towards a moderate increase of the ratio in the latter condition. (In the data of Fitz and Van Slvke (4) the normal urines show, as do the normal data of the present paper, a mean NH3/acid ratio of approximately 1.5 while the mean for the cases with ketosis is 2.2. This difference in the ratio is small, however, considering the immense range of total NH3
+ acid values covered.) The eliminated acid is divided between ammonium salts and free acid with a sufficient degree of constancy to justify the definition of the usual limits of the NH3/ acid ratio in the urine of normal individuals, and the assumption of an abnormality in the acid excreting mechanism when this ratio consistently lies outside such limits, A persistent abnormally high ratio may result from bacterial formation of ammonia from urea in the bladder. A persistent abnormally low ratio is presumably a sign of damage to the ammonia-forming function, particularly when the titratable acid factor of the ratio appears unaffected. Henderson and Palmer (12, 11) determined the free acid by titrating the urine to pH 7.4, the reaction of normal blood plasma.
The NHa/acid ratio' averaged over anumber of days in the urine of normal subjects varied from-0.7 to 2.0. Nephritic cases fell into 2 groups.
Henderson and Palmer expressed their results by the ratio acid /NH3. We have inverted this ratio and use the expression NH:/acid, because (1) the relative rise and fall in the ammonia appears to be the significant factor in varying nephritic conditions, the free acid excretion being relatively unaffected. With the ammonia in the numerator, therefore, the ratio rises and falls with the more 256 VAN 
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Among the cases with normal ratios there was a predominance of conditions diagnosed as degenerative nephritis. In another group, more sharply definite in regard to urinary character, the NH3/ acid ratio varied from 0.3 to 0.6, these low values being due to diminished ammonia output. On the average in this group of cases the urine volume was abnormally great, its pH unusually low, and the "total acid output" (NH3 + acid) diminished because of deficit in the NH3 constituent. The low urinary pH was interpreted to indicate a tendency towards nephritic acidosis, presumably caused by the reduced ammonia formation. In this group chronic glomerulonephritis was prominent.
Stillman, Van Slyke, Cullen, and Fitz (31) reported from this hospital a case of acute nephritis following pneumonia in which there was almost complete suppression of ammonia excretion, and a progressive fall in blood alkali reserve. When the latter had dropped to about half normal, the clinical condition began to improve and the ammonia output gradually increased until it reached the unusual maximum of 1500 cc. of 0.1 N ammonia per day. The daily ammonia excretion then also fell to the usual 300 or 400 cc., presumably because there was no further need for unusual acid elimination. (Only the alkali reserve data were published, the present ammonia figures are from the hospital records.) Rabinowitch (25) has recently shown that in diabetic patients with albuminuria the NH3/ acid ratio averages lower than in normal persons or in diabetic patients without albuminuria. He concludes that diabetics with injured kidneys have a subnormal ability to form ammonia, and are probably rendered thereby unusually susceptible to acid intoxication.
Interest both in the origin of the ammonia of the urine and in its variation in nephritis has been augmented by Nash and Benedict (21) who have shown that the ammonia is probably formed by the kidneys. It had been believed that the ammonia was formed elsesignificant variable. ( 2) The NH3/acid ratio, as will be shown, is low when kidney function is diminished, and in its relation to renal function it appears simpler to denote ammonia-acid relationship by an expression which parallels the renal function, rather than by one which increases when the function falls.
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AMMONIA AND ACID EXCRETION where in the body and carried by the blood to the kidneys. The early determinations of ammonia in blood, with the exception of those of Folin and Denis (5), were compatible with this hypothesis. Nash and Benedict found that when minute precautions were taken the blood from the carotid and vena cava of dogs contained less than 0.1 mg. of ammonia nitrogen per 100 cc. The blood from the renal vein, however, contained about twice as much, a fact which strongly suggested that the kidneys are the site of the ammonia formation. Loeb, Atchley and Benedict (18) EXPERIMNTAL The analyses of nephritic urine were carried out on 24-hour specimens which had been preserved with toluene in an ice box from the time the individual specimens were obtained. In some cases 24-hour unne specimens were examined daily. In others they were talten every second day or once each week. In the series of determinations on normal individuals the specimens were collected over periods generally of about 2 hours, and analysed immediately.
Methods. Urinary ammonia was determined as. Table 2 shows that all of the measurable ammonia of the blood is aerated in the first 5 minutes when the rate of air flow is 5 liters per minute (controlled by a flowmeter). Further aeration, up to 40 minutes, gave no more ammonia, which proves that the potassium carbonate did not react with any const;tuent of the blood to produce ammonia. In fact the carbonate prevents the spontaneous ammonia formation that occurs in drawn blood. This spontaneous formation, The simple concentration ratio U represents the number of times the kidney concentrates the urea in compressing it from blood concentration, B, to urine concentration, U, when the urine volume output is the average normal 1 cc. per minute ( = 1440 cc. per 24 hours). When the urine volume is less than 1 cc. per minute, the concentration U will normally be greater, and vice versa. In order to correct for this volume effect we multiply the simple ratio B by the square B root of the volume, an empirical correction which was found to hold for ordinary urine volumes (under 2 cc. per minute) by Austin, Stillman, and Van Slyke). In order to apply the formula to subjects of V different weights, we have used the volume per kilo body weight, W' 3The present formula is identical with that of Austin, Stillman, and Van Slyke, but is rearranged into concentration terms for convenience in calculation and interpretation. The phenolsulphonephthalein output was determined as described by Rowntree and Geraghty (27) . The injections were made intravenously, and a fresh standard was prepared for each test.
The serum CO2 content was determined according to the method of Van Slyke and Neill (34) .
The serum pH was determined according to the. method of Hastings and Sendroy (10) .
To avoid reporting individually a large number of observations on patients, the daily acid and ammonia excretions have been averaged for periods of several weeks or months. Changes in diet, treatment, or in the state of renal function were taken as reasons for starting new periods.
ANALYSIS OF RESULTS
Normal subjects. (Table 3 and fig. 1 .) Ninety-five determinations of the ammonia-acid ratios were made on 11 normal subjects. The collection of specimens was generally made over 2-hour periods in the course of the day. No attempt was made to control the diet, fluid intake, or activity of these subjects. The volume, specific gravity, and the absolute amounts of ammonia and acid excretion varied consider- Averge. 1.20 ably. The ratios varied between the extremes 0.6 and 4.9, but the majority fell between 0.8 and 2.5. The mean individual ratios fell between 0.9 and 2.3, the majority lying between 1.0 and 2.0, similar to those of Henderson and Palmer (13 group showed normal values for the ammonia-acid ratio. There was the usual variation in range for the individual and the averages. The ratios varied from 0.56 to 5.0, the majority falling between 0.6 and 2.8. The average of the ratios for the individual cases varied from 1.02 to 2.9, all but one lying between 1.0 and 2.0.
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In B. S., 13, the ammonia was always high and the acid excretion moderate; consequently, the ratio was high. During the period from March 25 to April 18 large doses of calcium chloride were given after the method of Blum, Aubel and Hausknecht (3); there was a rise in ammonia output which reached a maximum of 1000 cc. 0.1 N solution. This ammonia formation presumably was the protective response of the organism to prevent acidosis from the HCI absorbed from the administered CaCl2 (Salvesen, Hastings and McIntosh (29)). The calcium chloride had no effect on the edema. Between May 20 and June 14 a high protein, low fat diet was given. The protein was increased from 40 to 80 grams, and thence by successive additions to 140 grams, i.e., 4.4 grams per kilo body weight. Analysis of the diets of Sherman's tables (30) shows that the excess of acid radicies over basic was increased from 80 cc. of decinormal acid to approximately 400 cc. An increase in the output of acid and ammonia followed, but, whereas the calcium chloride produced a large increase of ammonia and a small increase of acid, the high protein diet produced a smaller output of ammonia but a larger increase of acid. A year later, during a relapse, both the titratable acidity and the ratio were still high.
In another case, M. R. (17) , the administration of 5 to 10 grams of calcium chloride daily had a similar effect in increasing the ammonia-acid ratio, due to the excess excretion of ammonia over acid radicles. In this patient the pH and bicarbonate of the serum remained normal as a result of this compensatory mechanism.
In another case, G. H., 14, the lack of effect of sodium chloride is shown, where the ratio remained fairly constant, as did the absolute figures.
In nephrosis, therefore, the kidney function as regards ammonia and acid excretion is normal. This finding is in accord with the normal ability of the kidney to excrete and concentrate urea. Table 5 shows 2 cases, B. F., and S. J., which came under observation with some of the characteristics of nephrosis, and later apparently developed renal insufficiency. In B. F., probably complicated by some other underlying condition, possibly Addison's disease, a change during the course of observation was indicated by a fall in the index of urea concentration and phthalein output. A definite drop in the ammonia-acid ratio, with a tendency to fixation, ran parallel with these findings, although the ratio was stir within the lower limit of the normal. The case S. J. was under observation during two different admissions to the hospital. During the first period the ammonia-acid ratio was over 1; during the second period there were signs of definite functional impairment, and the ratio had fallen to 0.54, and finally to 0.32, at which time there was a fixation at that low value. The change in the variability of the ratio during these two periods is strikingly illustrated in figure 1, fig. 1 .) This group includes patients with chronic diminution of urea concentrating power of all degrees of severity, from the early moderate forms of renal insufficiency to terminal cases with uremia and ability to concentrate only 5-fold or less. An attempt has been made to arrange them in table 9 according to the state of renal compensation and clinical condition. It is obvious that no sharp lines can be drawn on the basis of any functional tests; yet, on the whole, the milder forms of chronic nephritis have distinctly higher ammonia-acid ratios and urea indices than the more severe and uremic types. As seen from table 8 and figure 1 , the first 5 cases showed moderate lowering of the urea index, phthalein output, and ammonia-acid ratio, with moderate nitrogen retention. The average ammonia-acid ratios in the first 6 patients ranged from 0.38 to 0.88, with one higher terminal value of 1.18 in J. D., who died of septicemia. The remaining cases were of increasing severity. In these the ammonia-acid ratio decreased to a value as low as 0.07 in one case, M. K., 56, and all were below 0.47, with the exception of S. L., 49, in whom the ratio was 0.6 during one period. In the severe uremic cases, 58, 59, 60, 61, the ratio paradoxically rose to infinity in the terminal analyses due to an alkaline urine, which in turn may have been due to a terminal bacterial contamination of the urine. The patients were in coma, and the resulting urinary retention, such as occurred in 61, may have led to bacterial decomposition.
In the group of chronic glomerulonephritis with diminished urea excreting function, there was a striking fixation of the ammonia-acid ratio as well as of the urea index, the only exceptions being in the terminal alkaline urines mentioned above. It can be seen from the table that the low ratios are due to lowered ammonia excretion, never to unusually high daily acid output.
Cases V. S. and N. H., 61 and 62, are glomerulonephritis on a sclerotic basis, which would be classified by Volhard and Fahr as malignant nephrosclerosis. that the acidosis noted in the more severe forms of nephritis (A. S., 54, and A. B., 63) was due to inability of the organism to form more than small amounts of ammonia. The spontaneous occurrence of acidosis in a severe form is illustrated in the case of A. B., 63, a boy of 8, who had had glomerulonephritis for 3 years and who was under observation for the last 3 months of his life (table 9) . There was no history of edema and the TABLE 10 The ammonia content of the blood in normal and nephritic subjects (21) . In spite of the fact that there was a markedly diminished ammonia excretion in some of the cases, the blood ammonia showed no increase. These observations indicate that no retention of ammonia occurs comparable to that of other nitrogenous constituents. The diminished ammonia output is due not to retention but to diminished formation.
SUITMARY
In those forms of nephritis (nephrosis and benign nephrosclerosis) in which the urea excreting function is quantitatively unimpaired, both ammonia and titratable acid have been found to be excreted in normal amount and proportion. The usual ammonia-acid ratios in the urine in such cases exceed 1.
In acute glomerulonephritis a tendency to low ammonia-acid ratios was present in some cases, absent in others.
In those forms of nephritis with quantitatively impaired urea concentrating function (chronic glomerulonephritis and some cases of acute glomerulonephritis) there was regularly a low ammonia-acid ratio of 0.7 to 0.1 in theurine. Itwas due, as found by Henderson and Palmer, to diminished ammonia output. The titratable acidity was relatively well maintained until the final stage of complete renal insufficiency.
The drop in the ammonia-acid ratio, was not always proportional to the fall in urea excreting power nor to the severity of the clinical condition. Cases with clinically mild chronic nephritis and urea concentration indices of 20 to 30 (instead of the usual normal above 40) may show ammonia-acid ratios as low (0.2 to 0.3) as other cases approaching uremia and with concentration indices below 5. A possible explanation of the failure of the ammonia-acid ratio to be proportionally. depressed in cases with very low urea function is that in them the ability to excrete titratable acid as well as ammonia is reduced.
The ammonia content of the blood was as low or lower in those forms of nephritis with diminished ammonia output as in normal individuals. The fall in ammonia excretion in glomerulonephritis appears, therefore, due not to ammonia retention in the body, but to failure to form ammonia in proportions normally related to those of the acid metabolites. The concurrence of diminished ammonia formation with diminished kidney function is compatible with the conclusion of Nash and Benedict, that ammonia is formed in the kidney.
The determination of the ammonia-acid ratio in the urine is technically simple, and consistently normal values of the ratio in repeated determinations appear to exclude the possibility of serious renal impairment. The fall in the ratio, however, although present in all cases thus far observed with impaired urea coneentrating power, does not regularly parallel the fall in the urea concentrating or excreting power. The decrease in urea function is more closely correlated with the clinical severity of the nephritis. 
